The use of organic wastes, as an alternative to inorganic fertilizer, can be an important strategy for Brazilian and tropical agriculture. Despite the importance, few field studies have been done for evaluating organic amendments on soybean crops in Brazil. The study aimed to evaluate the residual effects of the organic amendments poultry litter, farmyard manure and biochar combined with mineral fertilizer on some agronomic attributes of a soybean crop. A field experiment was carried out in a split-split-plot scheme, with three replicates in a randomized block experimental design. The organic sources ( 
Introduction
Brazil is an important food producer in the world, standing as the biggest exporter and second producer of soybean [1] . Participation of the Brazilian soybean in world trade is highly significant. The importance of soybeans to Brazil's economy and social status is unmatched amongst others cash crops.
The country is the fourth largest fertilizers consumer market; however, it is only the sixth largest producer in the world. More than half of fertilizers used in the country are imported [2] . In Brazil, the soybean crops are responsible for more than a third of the national demand of mineral fertilizer [2] . Mineral fertilizers represent the major part of the production costs in the soybean crop in Brazil [3] .
Considering this, several researchers have focused to create and develop technologies in order to increase fertilizer efficiency and identify alternative sources of nutrients, such as the organic wastes in Brazil and other countries [4] - [7] .
Several organic sources have shown potential to provide satisfactory amounts of nutrients to plants [8] . As a rule, this practice is both more profitable and sustainable compared to the application of mineral fertilizers [9] . Some organic wastes have been tested on soybean crops. The use of biosolid as a fertilizer can be feasible, once that is more agronomically efficient than mineral fertilizers [10] . In this sense, soybean yield can be boosted by amendments like flue dust, aqueous lime, sewage sludge and lime use. In addition, the dynamics of nutrients in a soybeans/sorghum intercropping system observed that the application of 75% mineral NPK combined with chicken manure/farmyard manure/phosphocompost compound is an option of plant nutrition management [11] . In Brazil, poultry litter can be a viable and alternative input to enhance the soybean production and to reduce the production costs [12] .
Organic amendments combined with inorganic fertilizer are a promising sustainable technology. Nevertheless, few studies have evaluated the residual effects, over the years, of the organic amendments associated to mineral fertilizer on cash crops. The aim of this study was to evaluate the residual effects of poultry litter, farmyard manure and biochar previous use, with or without mineral fertilizer, on grain yield and others agronomic attributes of soybean plants.
Materials and Methods
The experiment was carried out in Itutinga, located in Minas Gerais Province (21˚23'S, 44˚39'W; 958 m.a.s.l.), in Brazil, over a two-year period. According to the climatic classification of Köppen, the climate is classified as Cwa type with humid summers and dry winters [13] . The temperatures and precipitation during the experiment are shown in Figure 1 .
A randomized complete block design, with three replicates in split-split-plot scheme was used. The treatments applied to whole plots were the organic sources: poultry litter (PL), farmyard cattle manure (FM) and biochar (BC). The organic sources were manually spreaded and incorporated into the soil with a harrow, in the previous growing season (2008) at rates of 0, 3, 6 and 9 Mg•ha −1 in the total area of the spli-plot. Mineral fertilizer, at rates of 0, 100, 200, 300 and 400 kg•ha −1 , had been used and manually applied to the sub-subplot furrow at sowing time, in both seasons (2008 and 2009). The standard sowing fertilization was based on soil analysis and interpretations according to [14] , by use of 400 kg•ha −1 of 04-30-10 NPK mineral fertilizer with 6.10 of Ca, 2.97 of S, 0.06 of B, 0.97 of Mn and 0.31% of Zn.
The soybean seeds, of cultivar "BRS Favorite", have been previously inoculated with Bradyrhizobium japonica, using the ratio of 1,200,000 bacteria per seeds. The sub subplots consisted of four rows, five meters long, with fifty cm between-row spacing. The physicochemical properties of the organic amendments are given in Table 1 .
The experiment was carried out in a Dystrophic Cambisol (Inceptisol) [15] , with a clay texture (53% clay); a low fertility soil: pH in water 5. . At harvest, R8 phase [16] , the attributes: number of pods per plant, number of grains per pod (10 plants sampled in the sub subplots), weight of 100 grains, grain yield (13% moisture), plant height and first pod height (10 randomly selected plants were sampled) were evaluated.
The data were analyzed using the Sisvar ® software [17] . The significant effects were submitted to regression analysis for the doses of organic amendments and NPK fertilizer. The response surfaces were obtained and in- terpreted using the statistical package software Statistica ® 6.0 for Windows.
Results and Discussion
All evaluated attributes were influenced by the treatments, except the number of grains per pod ( Table 2) . This attribute has a high genetic control being weakly responsive to environmental variation [18] . A triple interaction among the organic sources, their doses and mineral fertilizer doses was observed on the grain yield ( Table 2 ). The effects of the organic amendments doses for each source were evaluated through the response surface methodology [19] .
The biochar and the farmyard manure provided similar effect on the yield. The effects of mineral fertilizer doses were more expressive than the organic doses on the grain yield (Figure 2) . On the other hand, a larger synergistic effect between the poultry litter doses and mineral fertilizer doses were detected. In this organic source, it was possible to achieve the highest yield levels (>4000 kg•ha ; while for the biochar and farmyard manure, the increments were significantly lower than that (2000 and 1500 kg•ha −1 , respectively). In both residues (FM and BC), the lower grain yield may be explained due the lower supply of nutrients to the soil, allocated by these wastes, in the studied doses. This fact justifies the need for further works considering the use of higher doses. When in suitable amount, biochar use can enhance agro ecosystems. Converting agricultural wastes into a useful soil amendment that holds carbon and makes soils more fertile, avoiding the deforestation and improving the food security [20] [21] . Through the response surfaces is observed that the best dose combination was the application of 5.49 Mg•ha −1 of either organic amendments combined with 200 kg•ha −1 of the mineral fertilizer; in order to obtain 2792; 2796 and 3672 kg•ha −1 of soybean grains obtained by the farmyard manure, biochar and poultry litter use, respectively. The best yield obtained through poultry litter use might be due to higher concentration of nutrients in this input, providing higher residual effect on soybean crop. Once soybean plants are highly responsive to nutrient supply [22] , mainly in dystrophic tropical soils and in agro ecosystems which have high levels of productivity, given the high nutrient demand for biomass production [23] [24] .
These results are consistent with other studies that, by poultry litter use on soybean, also reported increases on grain yield [12] [25] . This fact demonstrates the high potential of the combined use of mineral fertilizers with organic amendments, as a synergistic way to increase the soybean grain productivity [9] [26] .
In this study, the number of pods increased as a result of increases in organic rates of the amendments applied in the previous growth season and mineral fertilizer, in 2009 (Figure 3) .
In the grain yield, one of the most important factors is the number of pods per plant. In soybean, the adequate plant nutrition is essential for enhance the pod set, which requires adequate availability of nutrients and assimilates in soybean plants [22] . These results are consistent with other studies, which it was observed a positive and high correlation between organic and mineral fertilizer use on number of pods per plants [21] [26] .
The application of the organic amendments and mineral fertilizer influenced the grain weight (Figure 4(a) ). It is observed that highest weights were obtained by increasing the doses in both inputs. This result is consistent with the findings by other authors evaluating the effect of organic and mineral fertilizers on soybean plants; hence, demonstrating that for tropical soils, generally low fertility, the major factor in the intensification of agricultural production is the adequate soil fertilization and consequent plant nutrition [8] [26] . The best combination of doses in each organic amendments was the same previously observed for the grain yield (200 kg•ha −1 of the mineral fertilizer associated with 5.5 Mg of the organic amendments) in order to obtain the weight of 100 grains of 14.2; 14.3 and 14.9 g, by the farmyard manure, biochar and the poultry litter addition, respectively. The poultry litter provided greater weight of 100 grains than the farmyard manure and the biochar, rendering the maximum weighs of 16 g per 100 grains when were combined 100 kg•ha −1 of mineral fertilizer with 9 Mg of the organic input. Adequate plant nutrition is important for grains and seeds filling and, consequently, weight of them. According [27] , seed size positively affects the productivity of soybean due to better plant stand and consequent establishment of the crop in the field, especially if sowing is done under water stress conditions [28] .
Plant height was also influenced by the levels of organic amendments and mineral fertilizer (Figure 4(b) (Figure 4(b) ). Without mineral fertilizer, it was observed little influence of the farmyard manure and biochar doses on this attribute (green area on the response surface).
The doses of mineral fertilizer influenced the height of first pod ( Figure 5 ). The maximum height of first pod (26 cm) was obtained using 215 kg•ha −1 of the mineral fertilizer. The lowest observed height (23.6 cm) is appropriate to mechanical harvesting machines.
Several agronomic attributes of soybean, included grain productivity, can be expected to differ in response to organic and inorganic fertilization due the fertilizer sources, soil types, application rates and meteorological conditions [8] [20] [24] . Therefore, more studies should be done in order to determine the best and sustainable management practices of these inputs in the specifics conditions and regions [29] [30].
Conclusions
The best combination of the organic amendments and mineral fertilizer was the same for the grain yield and weight of 100 grains (200 kg•ha −1 of the mineral fertilizer associated with 5.5 Mg of the organic amendments). It is possible to decrease the dose of mineral fertilizers, by prior use of poultry litter, maintaining or boosting the levels of grain yield.
The previous use of organic amendments, rich in nutrients, is a promising technology to sustainably increase the soybean grain yield.
